Purpose According to the latest ART report for Europe, about 13 % of pregnancies after frozen embryo transfer are multiple. Our objective was to analyse the impact on the multiple pregnancy rate of two eSFET (elective single frozen embryo transfers) versus a DFET (double frozen embryo transfer) in women aged under 38 years, who had not achieved pregnancy in their fresh transfer and who had at least two vitrified embryos of A/B quality. Methods This study was conducted from January 2010 to June 2013 at a public hospital. The couples were divided into three groups. Group DFET: the first cryotransfer of two embryos (105 women); cSFET group: the only cryotransfer of a single vitrified embryo (60 women); eSFET group, individually vitrified embryos: 20 patients included in a clinical trial of single-embryo fresh and frozen transfer and 21 patients who chose to receive eSFET. Results The clinical pregnancy rate was 38.1 % in the DET group and the cumulative clinical pregnancy rate was 43.3 % in the eSFET group. There were no significant differences between the DFET and eSFET groups (30.0 vs 34.1 %) in cumulative live birth delivery rate. The rate of multiple pregnancies varied significantly between the DFET and eSFET groups (32.5 vs 0 %, p<0.05). Conclusions For good-prognosis women aged under 38 years, taking embryo quality as a criterion for inclusion, an eSFET policy can be applied, achieving acceptable cumulative clinical pregnancy and live birth rates and reducing multiple pregnancy rates.
Introduction
The number of cryotransfer cycles practised has increased considerably in recent years for two main reasons: first, the increased effectiveness [1] and safety [2] of the process of embryo vitrification; second, the policy adopted of freezing all embryos in the stimulated cycle and transferring them in a natural or an artificial cycle, with the aim of reducing the risk of ovarian hyperstimulation [3] and of ectopic pregnancy [4] . This increase in cryotransfer cycles has been paralleled by increased rates of multiple pregnancy following cryotransfer, both in Spain and in other countries [5, 6] .
In recently-published meta-analyses [7, 8] comparing elective single embryo transfer (eSET) vs. double embryo transfer (DET) in good-prognosis women, no significant differences were observed in cumulative pregnancy rates when cryopreserved embryo transfers were considered. Higher pregnancy rates in DET were only observed when fresh transfers alone were taken into account. However, the evident benefit provided by eSET with fresh transfers in terms of reducing rates of multiple pregnancy in good-prognosis patients, is partially lost with cryotransfer, because these cycles are usually followed by double frozen embryo transfer (DFET) [9, 10] . To our knowledge, no previous study has been made to compare the pregnancy rates obtained in DFET with those obtained with two sequential cycles of single frozen embryo transfers (eSFET).
In view of the above considerations, the aim of this study is to analyse the impact on the pregnancy rate per cryotransfer and on the rate of multiple pregnancies of the implementation of a programme of devitrified single-embryo cryotransfers. To do so, a retrospective comparison was made at our hospital of the results obtained from cryotransfers performed in goodprognosis women.
Material and methods
A retrospective study was carried out, for the period from January 2010 to June 2013, of cryotransfers carried out for 221 couples with good prognosis. Inclusion criteria were (in the corresponding fresh cycle) age less than 38 years, body mass index between 19 and 29 kg/m 2 , FSH below 15 mUl/ml on the third day of the cycle, first cycle IVF/ICSI or second cycle with previous pregnancy not carried to term. Exclusion criteria were more than five years of infertility, previous surgery (fibroids, endometriosis, hydrosalpinx), uterine malformations, repeated miscarriages and previous unsuccessful complete cycles of IVF/ICSI. The patients received ovarian stimulation for IVF treatment at the Human Reproduction Unit of the Virgen de las Nieves University Hospital (Granada, Spain).
We analysed the cryotransfer results of the women who had not achieved pregnancy in their fresh transfer and who had at least two vitrified embryos of A/B quality, a quality cleavagestage embryos (7-9 cells and<20 % fragmentation) [11] . The cryotransfers of three embryos (n=3) still taking place in 2010 were excluded from the analysis.
The following study groups were established ( Research Ethics Committee of the Virgen de las Nieves University Hospital (Granada, Spain). Institutional review board approval was not required for the present study owing to its retrospective nature. The data were collected from the medical records of couples. Written informed consent had been obtained from all patients in order to use the data for future scientific research.
Protocols
All patients received ovulation stimulation treatment, in order to achieve multiple follicular development. GnRH agonists in the long analogue protocol or the antagonist protocol were used.
To ensure proper selection of the embryo or embryos to be transferred, with the best possible potential for implantation, they were assessed according to the criteria of the Spanish Association for the Study of Reproductive Biology (ASEBIR) revised in 2008 [11] . The non-transferred embryos of A/B quality were vitrified on the third day (D+3), using commercial vitrification medium (Origio Vitrification, Denmark) containing ethylene glycol and 1,2-propanediol in HTF culture medium fluid in increasing concentrations, and the Cryoleaf (McGill Cryoleaf, Origio, Denmark) storage device. Cryotransfer protocol: the protocols used were natural cycle in 32 (13.9 %) cryotransfers and substitution cycle in 199 (86.1 %) cryotransfers. The day before cryotransfer, the embryos were devitrified using a devitrification kit (Origio Warming, Denmark) in accordance with the manufacturer's instructions, evaluated for embryo quality and cryosurvival (≤50 % lysed cells) and left in culture until the next day. On the day of the cryotransfer (D+4), embryo quality was again tested, with special attention to embryo cleavage.
Outcomes measured
Maternal age (years) was calculated at the time of oocyte collection. The thaw survival rate was calculated as embryos survived per total number of embryos warmed. The live birth rate was calculated by birth events per patient. The clinical miscarriage rate was calculated by foetal heart positive pregnancies that did not result in a live birth per foetal heart positive pregnancies. The multiple birth rate was calculated by the number of twin births per total birth events. Accumulative ongoing pregnancy per patient and accumulative live birth delivery per patient were calculated for the eSFET group.
Statistical analysis
The qualitative variables are described by their absolute value (n) and relative value (%) and compared using the chi square test. The quantitative variables are expressed as the mean, standard deviation and maximum and minimum values. The three groups were compared using analysis of variance and homogeneity of variances was analysed by the Levene test. In all cases, a significance level of 5 % was applied.
Results

Patients
The epidemiological characteristics of the patients, the stimulation cycle and the laboratory results in fresh cycles were similar in all three groups (Tables 1 and 2 ). In general, more total and metaphase II oocytes by follicular puncture were obtained in the DFET group than in the cSFET group, but the difference was not statistically significant. Table 3 shows the clinical results of the cryotransfers. The implantation rate was similar in all three groups (25.2, 21.7 and 22.5 % for DFET, cSFET and eSFET, respectively). The clinical pregnancy rate was 38.1 % (40/105) in the DET group and the cumulative clinical pregnancy rate was 43.3 % (18/41) in the eSFET group. Differences were not statistically significant (p=0.52). However, there were significant differences in clinical pregnancy rates between the DFET and cSFET groups (38.1 vs 21.7 %, p=0.03) and between the cSFET and eSFET groups (21.7 vs 43.3 %, p = 0.02). The overall rate of spontaneous miscarriage was similar in all three groups (22.5 % in DFET, 23.1 % in cSFET and 22.2 % in eSFET).
With respect to the live birth delivery rate, there were no significant differences between the DFET and eSFET groups (30.0 vs 34.1 %). However, this rate was significant lower in No embryo survived (n=2) Only 1 survived (n=5) Cryotransfer of 3 embryos (n=3)
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2nd eSFET (n=25) ≥ ≥ Fig. 1 Flowchart of participants in the study Mean ± SD (min-max) NS the cSFET group (17.0 %) than in the eSFET group. The rate of multiple pregnancies varied significantly between the DFET and eSFET groups (32.5 vs 0 %, p=0.04). Table 4 shows that the embryo survival rate was similar in the three groups (95.7 % DFET, 93.8 % cSFET, 95.2 % eSFET). There were no significant differences in the number of embryos divided after 24 h of post-vitrification culture (71.6 % DFET, 70.0 % cSFET, 71.2 % eSFET).
Results of embryo vitrification
Discussion
Our retrospective study shows that the multiple pregnancy rate following cryotransfer can be significantly reduced by implementing eSFET programmes within a selected population, without adversely affecting the success rate. According to the latest ART report for Europe [6] , about 30 % of the embryos obtained after IVF are cryopreserved, with embryo cryotransfers accounting for 22 % of IVF activity in assisted reproduction clinics in Europe and up to 31 % in Japan [12] . In Spain, almost 20 % of IVF pregnancies are achieved by cryotransfer [5] . Therefore, in evaluating the results achieved, we must consider not only the successes (live births per cycle) but also the complications arising from an IVF cycle. In our study, the multiple pregnancy rate for the DFET group was 32.5 %, considerably higher than the 16.0 % obtained elsewhere with the cryotransfer of two embryos [5] . These differences arise from the fact that our study was based on a population with good prognosis, for whom the risk of multiple pregnancy is higher.
Although the patients in our study were selected according to criteria of good prognosis, these criteria were broader than those described in the literature for other eSET studies [8] . Therefore, we believe that our results facilitate the implementation of eSFET programmes in daily clinical practice. Mean ± SD (min-max) 
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The high rates of cumulative clinical pregnancies (43.3 %) and of live births (34.1 %) with eSFET obtained in this study can be explained by the effectiveness of the vitrification technique. This would confirm the predictive model proposed by Roberts et al. [13] , based on the results achieved at five centres in the UK, according to which it is possible to simultaneously predict the outcome of the transfer of two embryos (DET) and of one embryo (eSET). This model was applied to different cases using eSET, both in fresh cycles and in complete treatments including cryotransfers, and the authors concluded that the percentage of live births would be higher with eSET with these complete cycles, while the rate for live births with eSET plus cryotransfer would be very similar to that obtained by DET. These good results achieved with eSET, however, depend on there being a high rate of viability of the cryopreserved embryos. This condition was met in the present study.
Our study confirms the view proposed in the American Society for Reproductive Medicine (2012) [14] that with effective cryopreservation that provokes little or no damage to embryos, cumulative birth rates should, in theory, be higher when embryos are transferred individually. A recent study conducted in Japan [12] reported that the relative increase in the success rate of the entire cycle can reach 36.8 % in single embryo cryotransfer programmes.
The success of vitrification programmes can be influenced by many variables, especially the survival of embryos and their subsequent development in culture. The rates of embryo survival (91 %) and of cleavage after devitrification (70 %) observed in the different groups in our study are consistent with those described elsewhere for embryo vitrification programmes with own eggs, both for survival (85.5-94.2 %) [1, [15] [16] [17] and for cleavage (61.4-78 %) [18, 19] . These high rates are of crucial importance in determining the performance of cryotransfer programmes.
In our study, the rate of miscarriages (about 22.6 %) is higher than that reported in fresh eSET programmes, but the difference may be due to the fact that older women were included in our study. Moreover, our rate is similar to that obtained by Ishihara et al. (2013) in a programme of single embryo cryotransfers for women with similar ages to those in our study (26.6 %) .
Women were included in the cSFET group when they had only one vitrified embryo, and so there was no option but to perform voluntary eSFET. The existence of fewer embryos to vitrify has been associated with a poorer reproductive prognosis [20] , which to a certain extent is confirmed by the fact that this group presented lower rates of clinical pregnancy and of live birth delivery (17.0 %). The rates of implantation and of live birth in the cSFET group were similar to those obtained by Hyden-Granskog et al. (2005) [21] . However, the rates of implantation (28.6 %) and of live birth delivery (40.7 %) in the eSFET group were slightly higher than in our study. These differences with respect to the eSFET group may be due to the criteria used by these authors, who performed eSFET when two or three embryos had been cryopreserved in the same device and more than one embryo fulfilled the criteria for transfer after thawing; in all cases, an embryo with a blastomere survival rate of at least 75 % was selected for transfer, and if possible the remaining embryos were re-cryopreserved. The fact that our own study obtained similar results for the cSFET group, where it is not possible to apply these criteria, supports the above hypothesis.
Recent studies of re-cryopreservation have shown that with twice-frozen-thawed embryos, either with the vitrification method [22, 23] or with slow freezing [24, 25] similar rates of pregnancy and delivery rate are obtained, compared with once-frozen-thawed embryos. However, lower rates of embryo survival have been observed after the second thawing [22, 24] ; these authors suggest the need for further studies to evaluate the long-term results and to confirm the real safety of transferring twice-frozen human embryos. In view of the data obtained, we believe that it is essential to plan, beforehand, the number of embryos to be vitrified by each device.
One limitation of our study is that after devitrification, no culture to blastocyst was performed, although this has been shown to improve pregnancy rates in cryotransfer programmes [26, 27] . In a future study, it would be useful to investigate the efficacy of sequential elective single frozen blastocyst transfer compared with cleavage stage embryo transfer.
Not all our patients achieved pregnancy in their fresh transfer, and for this reason our results cannot be generalised for FET when the cryopreservation of the entire embryo cohort is performed. At present, there is considerable controversy regarding the implantation of this strategy [28] .
Although it was not the main aim of this study, we would also like to note some financial aspects concerning the implementation of eSET programmes. Many studies have examined the cost-effectiveness of SET [29] [30] [31] , but only one has taken into consideration the results of cryotransfers [32] , and none have analysed the cost-effectiveness of SET per singleembryo cryotransfer. Various models have been proposed to estimate the cost-effectiveness of this strategy [29, 33] . According to Dixon et al. (2008) , the probability of eSET plus eSFET being cost-effective decreases with the woman's age. Following the model proposed by De Sutter et al. (2002) and with the pregnancy rate per transfer of frozen-thawed embryo obtained in our study (26 %) , the saving per child, using an eSET plus eSFET strategy rather than DET, would be around 13 %.
Taking into account these considerations, and in view of the important economic and social savings that may be obtained, countries like Norway, Denmark and Belgium only finance cycles if SET is performed. Furthermore, the results of our study have led our regional health administration to adopt policies promoting eSET: a third cycle is only offered to couples if, in one of the two previous cycles, eSET (fresh or cryotransfer) was chosen. Thus, Andalusia has taken the same line as the above European countries in adopting active public policies to reduce the unacceptably high rate of multiple pregnancies associated with assisted reproduction [34] . We believe that similar policies should be implemented throughout Spain.
In summary, our results demonstrate that eSFET should be incorporated into daily practice because, as with fresh transfers, it reduces rates of multiple pregnancies without affecting the rates of pregnancy or of cumulative live births in a selected population.
